Introduction

!
The growing elderly population in the United States has led to escalating healthcare utilization and expenditures. Healthcare expenses associated with the baby boomer generation grew 7.6 % from 2002 to 2010, which was faster than in any other age group [1] . Concomitantly, the demand for ERCP in the elderly has risen secondary to a high incidence of pancreaticobiliary disease in this population [2 -3] . By the time a patient turns 70, the prevalence of gallbladder-related disease in the United States is 33 % for females and 25 % for males [4] . ERCP is now widely available in the United States at both academic and local non-teaching hospitals. Known complications from ERCP include acute pancreatitis, perforation, infection, gastrointestinal bleeding, adverse effect of anesthetic agents, and death [3] . There are few studies available regarding the safety of ERCP in patient aged 80 years and older [5 -9] . These small, single-institution studies suggest that ERCP is safe in the elderly population [10] . The aim of this population-based study is to characterize the mortality and length of stay in octogenarians undergoing inpatient ERCP. To our knowledge, no prior studies have evaluated the in-hospital mortality associated with ERCP in a large cohort of elderly patients. Based on the limited data available, we hypothesize that ERCP is safe to perform on hospitalized octogenarians.
Patients and methods
!
Design
We performed a retrospective analysis of a national inpatient administrative database.
Database
Our institutional reviewed board approved this study using the Nationwide Inpatient Sample (NIS) which is part of a family of databases devel- Background and study aims: In the elderly population, there is a growing demand for minimally invasive procedures as the incidence of pancreaticobiliary disease increases with age. Patients with advanced age offer unique challenges for any procedure because they also tend to have a higher rate of baseline comorbidities and malignancy. The aim of the current study was to characterize the mortality and length of stay of octogenarians undergoing inpatient endoscopic retrograde cholangiopancreatography (ERCP). Patients and methods: Using the 2007 -2010 Nationwide Inpatient Sample (NIS), we performed a retrospective analysis of health-related outcomes among 80-to 89-year-old patients undergoing inpatient ERCP. Surgical patients were excluded. Results: An estimated 61,322 octogenarians underwent inpatient ERCP in the United States from 2007 to 2010. The mean age was 84.2 (SE 0.02) with 59.5 % (n = 36,460) of the patients being female. A large majority of the patients were white (79. %, n = 41,144) and 63.5 % (n = 38,940) had a comorbidity index of at least 2. The mean length of stay was 7.1 days (SE 0.08) with an in-hospital mortality of 3.1 % (n = 1,919). The primary discharge diagnosis was most often biliary stone disease (55.9 %, n = 34,263). A diagnosis of any infection was recorded in 45.0 % (n = 27,609) of patients. Infection was associated with a significantly higher risk of in-hospital mortality (OR 3.3, 95 % CI 2.6 -4.2, P < 0.001). Conclusions: ERCP is now routinely being performed during inpatient admissions for octogenarians with diseases of the biliary tract. The mortality of octogenarians undergoing inpatient ERCP is higher than previous reports and is likely due to superimposed infection during the same admission. ]. The NIS is the largest publicly available allpayer inpatient healthcare database in the United States, yielding estimates of hospital inpatient stays. The NIS approximates a 20 % stratified sample of discharges from US community hospitals, which then allows for national-level estimates by using a weighting coefficient provided by the database [10] . Rehabilitation and long-term acute care hospitals are excluded from the database. Policymakers, insurers, and researchers use NIS data to make national estimates of health care utilization, charges, quality, outcomes, and access. The NIS includes data typically found in discharge abstracts, such as up to 25 diagnosis and procedure codes, patient characteristics, length of stay, and payer source. The NIS data excludes individual identifiers.
Sample selection
We queried the NIS database for all ERCP procedures performed for any indication from 2007 to 2010 on inpatients whose age was 80 to 89. Admissions that contained complete age, in-hospital mortality data, and length of stay were included in the sample cohort. Patients who also underwent a surgical procedure, such as cholecystectomy, during the same admission were excluded from our study.
• " Fig. 1 outlines the cohort selection process represented as raw counts, not United States population estimates.
Study variables
Primary outcomes considered in our study were in-hospital mortality and length of stay in octogenarians who underwent ERCP in the United States from 2007 through 2010. In-hospital mortality only includes deaths during the same admission as the ERCP. These mortality data do not include any deaths post-hospitalization. Length of stay was defined as the number of days from admission to the date of discharge. ERCP procedure codes were defined according to the International Classification of Disease, ninth revision, Clinical Modification (ICD-9-CM) system. Therapeutic ERCP procedure codes included both endoscopic operations on biliary ducts and the sphincter of Oddi (51. In-hospital mortality, n (%) 1,919 (3.13) 1 Unknown race, n = 1,964 2 Defined by Elixhauser comorbidity algorithm [13, 14] 3 Unknown, n = 6 4 Another hospital, long-term care facility, or skilled nursing facility.
based on the Elixhauser comorbidity algorithm using validated H-CUP comorbidity software [Agency for Healthcare Research and Quality/H-CUP (October 2011). http://www.hcup-us.ahrq. gov/toolssoftware/comorbidity.jsp (May 01 2015), [11 -12] .
Statistical Analysis
All analysis was performed in SAS Version 9.4 (Cary, NC). Because NIS implements a stratified, weighted, sampling strategy, all data are presented as national estimates. Appropriate SAS procedures, such as PROC SURVEYMEANS, PROC SURVEYFREQ, and PROC SURVEYLOGISTIC, were used to accurately incorporate the sampling strategy of NIS into national estimates. Continuous variables were summarized using means and standard errors, and nominal variables were summarized using counts and percentages. To determine characteristics associated with mortality, univariate and multi-variable logistic regression were used. Variables with overall p-values less than 0.10 were retained in the multi-variable model. Table 1 . The mean age at time of admission was 84.2 (SE 0.02) with 59.5 % (n = 36,460) of the patients being female. A large majority of the patients were white (79. %, n = 41,144) and 63.5 % (n = 38,940) had a comorbidity index of at least 2. ERCP was usually performed at large (67.7 %, n = 41,382), urban (93.1 %, n = 56,889) institutions. The procedures were equally distributed between teaching (50.6 %) and non-teaching hospitals (49.4 %). Most of the admissions were classified as emergent (64.5 %, n = 34,600). Medicare was the leading payer source (91.7 %, n = 56,182). The mean length of stay (LOS) was 7.1 days (SE 0.08). The most common discharge diagnosis was pancreaticobiliary stone disease in 55.9 % (• " Table 2 ). The overall in-hospital mortality for octogenarians who had an ERCP performed during the admission was 3.1 % (n = 1,919). Risk factors for in-hospital mortality were evaluated. Odds ratio (OR) estimates were calculated for the variables listed in • " Table 3 . Any infection (OR 3.3, 95 % CI 2.6 -4.2, P < 0.001), presence of more than 2 comorbidities (OR 2.4, 95 % CI 1.9 -3.2, P < 0.001), and malignancy (OR 1.6, 95 %CI 1.6 -2.0, P < 0.001) were all associated with higher risk of in-hospital mortality. Age, sex, ethnicity, and hospital characteristics (size, region, rural or urban) were not associated with increased mortality. In multivariate analysis, octogenarians with any infection had a significantly higher risk of in-hospital mortality (OR 3.1, 95 % CI 2.5 -4.0, P < 0.001). The presence of more than 2 more comorbidities, malignancy, and increasing age were also associated with slightly higher in-hospital mortality in the multivariate analysis. Our study determined that the in-hospital mortality for octogenarians who undergo inpatient ERCP is 3.1 %. To our knowledge, this is the first large-scale population-based study to examine mortality and length of stay in octogenarians undergoing inpatient ERCP. Because this analysis used a nationally representative sample of octogenarian patients who underwent inpatient ERCP in the community setting, these findings can be generalized to the overall US octogenarian population. Prior reports would suggest that ERCP is safe and without increased mortality or complication rates in octogenarians [3, 5 -9] . In one retrospective review comparing 102 patients older than age 80 to a younger cohort, ERCP was both safe and efficacious without an increase in complication rates [5] . Although ERCP procedure time was usually longer and the case technically more challenging in octogenarians, ERCP was not found to have higher complication rates in this elderly cohort [6] . In fact, rates of post-ERCP infection and pancreatitis were lower in octogenarians. Generally, all patients who undergo ERCP procedures have a mortality of less than 0.5 % [13 -15] . Prior small studies focusing on the very elderly such as octogenarians found a mortality rate of 0 -1 % [3, 6 -10, 16]. The mortality of octogenarians in our study was over 3 %. Almost half of the hospitalized octogenarians we evaluated had an infection during the same hospitalization at the time of ERCP and one-third had a diagnosed malignancy. Infection and malignancy includes both biliary and non-biliary etiologies such as pneumonia and lymphoma. Given concern for selection bias using an administrative dataset, we did not perform a subset analysis of patients diagnosed with cholangitis. However, cholangitis is likely a significant factor in increased inhospital morbidity and mortality. Many octogenarians also had numerous comorbidities and the presence of more than 2 comorbidities was associated with higher inpatient mortality. Accordingly, the finding of higher mortality in octogenarians is best explained by the increased rates of infections and malignancy in this population with baseline comorbidities. Although, the mortality rate in this study for octogenarians undergoing inpatient ERCP is higher than in previous reports, the procedure remains necessary and efficacious for many individuals. With careful patient selection and high-quality periprocedural care, we can likely minimize risks associated with ERCP in octogenarians. We recommend that patients and families undergo appropriate informed consent including information on inpatient mortality before any inpatient ERCP. The average length of stay for octogenarians undergoing ERCP was 7.1 days in our study. This is comparable to the reported length of stay for all age groups undergoing inpatient ERCP of 6.9 -7.8 days [15] . Our large sample size should mitigate the effects of individual hospital characteristics on length of stay such as a lower procedure volume or fewer critical care resources. Our study has a few limitations. The NIS database allows for only the assessment of inpatient mortality, morbidity, and length of stay. Death after discharge or complications requiring readmission cannot be tracked or evaluated because the NIS data are only from inpatient hospitalizations and contains no individual identifiers. We cannot comment on the mortality in outpatient octogenarians who undergo ERCP as this study only utilized hospitalized patients. All patients who underwent any surgical procedure during the same admission were excluded from the analysis in an attempt to limit confounders on inpatient mortality in this very elderly cohort. By excluding surgical patients, we may be eliminating some healthier patients that were surgical candidates and thus potentially would have lowered the mortality. Conversely, we are also excluding patients that had potential ERCP morbidities such as perforation that would have required urgent surgery and likely had a higher mortality.
Conclusion
!
In this large-scale population-based study of inpatient octogenarians undergoing ERCP, the rate of in-hospital mortality was 3.1 % and the length of stay was 7.1 days. Although the length of stay was comparable to all age groups, the mortality was higher than in previous reports and is attributable to concomitant infection and malignancy in this elderly cohort with baseline comorbidities.
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